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Objective

The objective of this study was to investigate whether there is a relationship between
airborne manganese (Mn) exposure and adverse neurobehavioral and health effects among
adult residents of a manganese-exposed community. Specifically, the current study aimed to
answer the following questions:

= |s there is a relationship of Mn levels in blood (Mn/B) (internal) or Mn levels in air
(Mn/air) (external) and neurobehavioral function in adults?

= Does the neurobehavioral function of a group of Mn-exposed adults (Marietta, Oh) differ
significantly from that of a demographically similar group of minimally exposed adults
(Mount Vernon, OH)?

Summary/Accomplishments
Data collection was conducted in August, 2009. Following a period of data preparation

(scoring, double-scoring, entry, double-entry, and clean-up), the data analyses performed to
answer the above questions have resulted in:

o afeedback meeting with the Ohio Department of Health (ODH)
a feedback meeting with the community of Marietta, OH (the exposed town)
individualized feedback letters to each study participant
numerous presentations to the scientific community (described below)
several peer-reviewed publications (described below)

Conclusions

Overall, results of this epidemiologic study using random sampling did not support
findings of adverse health effects from levels of Mn in air and levels of Mn in blood in the town of
Marietta. This is supported by the lack of differences in neurobehavioral test scores between
Marietta and Mount Vernon participants. Although proximity to the point source was related to
worse scores on some tests of visual memory and processing speed, overall the test results for
both towns did not differ and were within the average range of the general population.

Introduction
Exposure Background

In 2000, the Agency for Toxic Substances and Disease Registry (ATSDR) initiated a
public health assessment for the Marietta Air Emissions Site (Ohio). Air monitoring in the region
identified airborne Mn as the main environmental exposure of concern.
Eramet Marietta, Inc (EMI) is the major historic producer of Mn ferroalloys in the region and is
one of the largest Mn-manufacturing facilities in the world. Historically, EMI ranks first in total air




releases of Mn and Mn compounds among all U.S. facilities reporting to the USEPA Toxic
Release Inventory (TRI) (U.S. EPA, 2010).

The ATSDR has determined that long-term ambient Mn concentrations in the area
exceed the USEPA reference concentration (RfC = 0.05 ug/m3) and minimal risk level (MRL =
0.04 pyg/m3) (ATSDR, 2009).

Human Exposure to Manganese

In the occupational health literature there are many reports of workers exposed to Mn
with adverse health effects. Miners and chemical workers who are over-exposed to Mn, a major
component in iron/steel welding fumes, are known to be at risk for developing a pattern of signs
and symptoms showing a decline in psychiatric health and cognitive ability and a movement
disorder similar to Parkinson’s disease (PD) (i.e. a disturbance of gait, loss of balance, and
dystonia, bradykinesia, tremor) (Bowler et al., 2007).

Environmental studies of airborne Mn have been relatively rare and results of a select
few studies have been published. This is the 1°' comprehensive environmental study of Mn-
exposed adults in the U.S.

Design

This study used a cross-sectional control/exposed design of recruiting up to 100 Mn-
exposed and 100 control (low-exposed) adults between the ages of 30-75 years. The study
includes data on air monitoring and modeling, biomarkers, health, and neuropsychological and
neurological assessments of participants from both groups.

Recruitment procedure

Participants were randomly selected using property tax records, from the Mn-exposed
town of Marietta, and the low-exposed comparison town of Mount Vernon (OH). Recruitment
letters describing the study were mailed to 1,732 households from Marietta and 2,207
household from Mount Vernon. A response card, stamped and addressed to the study office,
was included for the potential participant to complete and return if interested in participating. Of
the 3,939 letters sent, 308 were undeliverable and returned (160 from Marietta, 148 from Mount.
Vernon). Response cards indicating interest were received from 207 potential participants (106
from Marietta and 101 from Mount Vernon). Researchers also attempted to contact by
telephone all potential participants who were sent letters and did not return the response card
and asked if they were interested in study participation. All 509 participants who indicated
interest in the study (264 from Marietta, 245 from Mount Vernon), either through email,
response cards, or when called on the telephone, were given a screening questionnaire. In total,
270 respondents to the random mailings were excluded based on the study’s exclusion criteria,
or were unable to participate. One-hundred participants from each town were scheduled for
testing, along with 5 alternates for each town. One-hundred participants from Marietta and 91
from Mount Vernon were tested. One participant tested in Mount Vernon did not meet the
inclusion criteria, and was excluded from analyses. Participants were given $50 gift certificates
for their participation. Following completion of the data analysis phase, feedback letters were
sent to all participants and a community meeting was held to present group results. Group
results were also presented at a separate meeting with representatives of the Ohio Department
of Health.

Testing procedure

Dr. Rosemarie Bowler was successful in obtaining the collaboration and participation of
Dr. Harry Roels (neurotoxicologists and blood sample processing), Dr. Yangho Kim (neurology
and UPDRS) and Dr. Nadia Abdelouahab (CATSYS). Two neuropsychologists and 6 trained
graduate students administered the neuropsychological tests. The battery included tests shown




to be sensitive to Mn exposure, including measures of Cognitive flexibility (ROCF, Trailmaking
B), Information Processing (Stroop), Working Memory and Attention (ACT), Memory (NAB
Memory Module), Visuomotor tracking speed (Digit Symbol Coding), Verbal skills (Similarities,
Animal Naming), Motor efficiency and strength (Fingertapping, Grooved Pegboard,
Dynamometer), and tremor (CATSYS, UPDRS). In addition, work histories and health
qguestionnaires were administered.

Exposure assessment

Blood samples from participants were analyzed at the CDC National Laboratory for
levels of manganese, cadmium, lead, and mercury. Serum samples were analyzed at U.S. EPA
NHEERL Core Lab for levels of ferritin — and indicator of iron store in the body

Air dispersion modeling was conducted using 2001 emissions information, receptors,
and meteorological data to calculate estimated Mn concentrations near various residences in
Marietta. This was used to create a hazard quotient (a ratio of modeled concentrations to the
Mn reference concentration) and a cumulated exposure index (CEI — the product of modeled
concentration and duration of residence in Marietta), two ways of estimating a participant’s
exposure to airborne Mn.

Results

As is shown in Figures 1 and 2, the large effort of contacting a sufficient number of
residents in both towns resulted in 100 residents being tested in Marietta and 90 residents in
Mount Vernon (due to no-shows on the days of testing in Ohio). The participants from the two
towns were very similar demographically (Bowler et al., 2011). The enclosed Table 1 shows the
demographics and biomarkers for both Marietta and Mount Vernon and Tables 2 & 3 list the
means, medians, ranges, and t-test analyses comparing the towns on demographic and
biomarker variables stratified by gender.

The extensive and comprehensive health questionnaire was analyzed and Table 4
displays the symptom categories by town. It can be noted that Marietta residents complained
more about motor, visual, and anxiety symptoms. The illnesses listed in the health questionnaire
were categorized using ICD-9 codes and, as can be seen in Table 5, there were no differences
between the towns on the prevalence of doctor-diagnosed illnesses.

As shown in Tables 1-3, levels of Mn in blood, serum ferritin and blood levels of lead,
mercury, and cadmium were largely in the normal range and did not differ by town (Bowler et
al., 2011).

No significant differences between the towns were found for any neurobehavioral tests
(Table 6), which included tests of motor speed, motor strength and tremor, attention and
immediate memory, switching categories and divided attention, visual delayed memory, and
verbal delayed memory. Scores in both towns were within the average range.

Although there was not a consistent relationship between levels of Mn in blood and
neurobehavioral performance (in either town), higher exposure to Mn in the air (hazard quotient
and CEI) was related to worse performance on some tests, particularly tests of executive
functions.

No significant differences were found between the towns on mood disturbance, except
for levels of phobic anxiety being higher in Marietta (Figure 3) (Bowler et al., 2011). Overall,
there was not a consistent relationship between levels of Mn in blood and mood, although
higher hazard quotients were related to higher phobic anxiety and higher CEI was related to
higher obsessive-compulsive, anxiety, phobic anxiety, and paranoid ideation symptoms. Using a
composite score to indicate generalized anxiety, higher CEIl was related to higher generalized
anxiety (Bowler et al., 2011). This composite anxiety score was also related to neurological
outcomes on the UPDRS.



Although there were no significant differences between participants of the two towns in
the prevalence of ilinesses categorized into ICD-9 categories (Table 5), some individual
symptoms were reported significantly more frequently in Marietta: changes in sense of smell or
taste, headaches overall, headaches in the presence of gas, headaches in the presence of
paint, tightness of facial muscles, feeling anxious, feeling irritable, changes in personality,
excessive perspiration, fever or chills, and nausea.

Mn in blood was related to more frequent endocrine and psychological iliness in
Marietta. The hazard quotient was related to excessive perspiration but showed no consistent
relationships with illnesses or other symptoms. The CEI did not show consistent relationships
with illnesses or symptoms.

On a neurological examination, the UPDRS, Marietta participants had slower movement
and motor speed than Mount Vernon participants. No relationship between exposure variables
were found with UPDRS scores (Kim et al., 2011).

As shown above in Table 7, there was no difference in dietary Mn intake between the
two towns, and Mn in diet was not related to Mn in blood or to any outcome variables.

Additional funding through a contract with U.S. EPA has been obtained to collect data
from an additional town that has had historically very high levels of air Mn concentrations. We
will use the data obtained from this grant (Marietta and Mount Vernon, OH) to compare data
collected from this third town.

Key Research Accomplishments

1. A symposium was presented at the 26" International Neurotoxicology Conference, June 8",
2010 in Portland, OR including the following presentations prepared with data from the
study:

Methodological aspects of an epidemiologic study of adults living near a Mn point
source, Bowler, R. M., Kim, Y., Ngo, L., Roels, H. A. (Appendix A).

Relationships between mood and neuropsychological performance in adults with
environmental exposure to manganese, Harris, M., Bowler, R. (Appendix B)

2. Dr. Bowler gave an invited presentation to the Marietta community, June 24™, 2010 in
Marietta, OH, entitled:

Health Study of Manganese Exposure of Adults in Marietta & Mount Vernon, Ohio:
Preliminary Results (see Appendix C).

3. Dr. Bowler gave an invited presentation to the Ohio Department of Health, June 24™, 2010
in Columbus, OH, entitled:

Relationship of residential airborne manganese exposure to neuropsychological,
neurological and health status of adults (Appendix D).

4. Dr. Bowler and her colleagues/collaborators presented a symposium at the International
Neuropsychological Society meeting in Boston, MA on February 5", 2011, on the
neuropsychological test results in relation to Mn exposure including the following
presentations prepared with data from the study:



Manganese Exposure in Adults: An Epidemiologic Study of Symptoms, Mood Effects,
Motor and Neurological Function, Bowler, R. (Appendix E)

Manganese Exposure and Components of Executive Function in Environmentally-
Exposed Adults, Harris, M., Bowler, R. (Appendix F).

Dr. Bowler gave an invited presentation on the overall results of the Marietta study at the
13th Meeting of the International Neurotoxicology Association, June 5" — 10, 2011, Xian,
China. Highlights were the neurotoxicological aspects of the study:

Relationship of airborne manganese exposure to biomarkers of blood and serum
controlled for ferritin with neurological and neuropsychological test results in adults,
Bowler, R. (Appendix G)

Dr. Bowler supervised a doctoral dissertation reporting data from the Marietta/Mount Vernon
study:

Harris, M. (2011) Manganese Neurotoxicity: Relationships Between Exposure,
Executive Function, and Mood Among Environmentally-Exposed Adults. Dissertation
Abstracts International (Appendix H)

. A peer-reviewed manuscript is currently in press:

Bowler, R. et al. (2011, in press) Anxiety affecting parkinsonian outcome and motor
efficiency in adults of an Ohio community with environmental airborne manganese
exposure. International Journal of Hygiene and Environmental Health. (Appendix I)

. A peer-reviewed manuscript has been published:

Kim, Y. et al. (2011) Motor function in adults of an Ohio community with
environmental manganese exposure. Neurotoxicology, 32 (5): 606-14 (Appendix J)

Dr. Bowler and the study team submitted a proposal and subsequently received funding to
replicate the study in residents near a Mn-processing plant in East Liverpool, OH. Three
ambient air monitors have collected measurements in this community for the last 10 years.
This study is currently taking place. The exact same test battery was administered to Mn-
exposed residents of East Liverpool and the same laboratories conducted the analyses of
biomarkers for East Liverpool. The Mn exposure in air is reported to be significantly higher
in East Liverpool than in Marietta; in fact, East Liverpool has the highest measured Mn air
levels in the U.S., but the Mn particle sizes are somewhat larger than those found in
Marietta. This difference will be taken into account in the current work when constructing a
Cumulative Exposure Index. The results will be added to those of the current study, and
three-way comparisons on participants from the three towns will determine the effects of a
gradient of exposure and if there are significant relationships between Mn in air and health
effects.



Tables:

Table 1. Demographics and Biomarkers - Whole sample

Marietta Range Mt. Vernon Range ttests
n Mean(%) SD Medan Mimn Max n  Mean(%) SD Medan Min Max t-statistic (Xz) sig
Demographics
Age 100 5442 986 5550 90 5553 1096 5550 32 75 0.74 0.46
Years of Education 100 1455 269  14.00 90 1518 304 1400 12 22 1.51 0.13
Years in Town 100 3607 1575  37.00 90 3359 1725 31.00 10 74 -1.04 0.30
Gender (.006) (:939)
Male 45 45% 40 44%
Female 55 55% 50 56%
Current Smokers 20 20% 18 20%
Ethnicity (2.08) (0.56)
Affican-American 2 2% 2 22%
Caucasian 94 94% 87 96.7%
Asian- American 2 2%
Native American 2 2% 1 1.1%
Marital Status (1656)  (0.799)
Single 6 6% 6 %
Married 81 81% 68 76%
Divorced 11 11% 12 13%
Widowed | 1% 3 3%
Co-habitating 1 1% 1 1%
Household Income ($ / yr) (6.702) T (0.753)
0-29,999 26 28.30% 14 16.60%
30,000 - 59,999 28 3040% 32 38.10%
60,000 - 89,999 19 20.60% 19 22.60%
90,000 and above 19 20.60% 19 22.60%
Work History T 6677) (0.083)
Employed 63 61 67.78%
Unemployed/Retired 31 28 31.11%
Student 0 0 1 1.11%
Disabled 6 0 0
Biomarkers
Blood Mn(ug/L) 100 9.7 32 92 491 246 90 9.5 32 88 375 1890
Natural log of Mn 100 222 030 221 159 320 90 220 033 217 132 294 055 0.59
Blood Cd (ng/L) 100 0.53 0.53 031 014 287 90 0.47 0.54 030  0.00 4.06 -0.83 0.46
Blood Hg (ug/L) 100 138 189 077 023 146 90 096 126 066 023 975 -1.80 0.08
Blood Pb (ng/dL) 100 156 095 130 032 539 9 141 095 114 031 59  -1.09 0.28
Serum ferritin (ng/mL) 100 13218 15325 7625 1220 #### 90 130.64 11123 8995  7.609 #uH# -0.08 0.94
Natural log of ferritin 100 442 094 433 250 675 90 451 091 450 204 632 0.69 0.49
Distance from point source 100 475 164 450 099 11.00
Air concentration of Mn 100 0.18 0.13 0.16 004 096
Hazard Quotient 100 369 262 314 077 19.17
CEI 100 6.67 5.90 553 089 4122

* Italics = equal variances not assumed



Table 2. Demographics and biomarkers gender comparison between towns (Males)

MALES
Marietta Mt Vernon t-tests
n  Mean(%) SD  Median Range n  Mean(%) SD  Median Range t-statistic (x2) sig.
Demographics

Age 45 5476 1081  55.00 39 40 5560 11.17  56.50 41 0.35 0.73
Years of Education 45 14.60 2.62 14.00 13 40 15.93 3.20 16.00 10 2.10 0.04
Years in Town 45 3844 15.02  37.00 55 40 2977 1779 24.00 61 244 0.02
Ethnicity (1.35) 0.51)

African-American 1 2% 2 5.0%

Caucasian 43 95.60% 38 95.0%

Asian-American 1 2% 0 0.0%

Native American 0 0% 0 0.0%
Marital Status 244)  (0.65

Single 2 4% 3 8%

Married 37 82% 31 78%

Divorced 5 11% 5 13%

Widowed 1 2% 0 0%

Co-habitating 0 0% 1 3%
Household Income ($/ yr) f (4.33) f (0.93)

0-29,999 11 25% 7 18.40%

30,000 - 59,999 13 29.50% 9 23.70%

60,000 - 89,999 9 20.50% 13 15.80%

90,000 and above 11 25% 9 23.70%

Biomarkers

Blood Mn (ug/L) 45 8.83 1.87 8.55 7.4 40 9.21 3.21 8.46 13.55 0.67 0.51
Natural log of Mn 45 2.16 0.22 2.15 0.90 40 2.17 0.32 2.13 1.29 0.21 0.84
Blood Cd (ug/L) 45 0.50 0.58 0.28 2.73 40 0.43 0.66 0.26 3.92 -0.50 0.62
Blood Hg (ug/L) 45 1.32 2.24 0.74 14.37 40 1.24 1.69 0.79 9.52 -0.18 0.86
Blood Pb (ug/dL) 45 1.85 1.16 1.69 497 40 1.58 1.17 1.14 5.39 -1.08 0.29
Serum ferritin (ng/mL) 45 189.62 18033 129 8437 40 17937 131.17 142 54631 -0.30 0.77
Natural log of Ferritin 45 4.84 0.95 4.86 4.09 40 4.89 0.88 4.95 4.28 0.21 0.83
Hazard Quotient 45 3.72 248 332 13.29

CEI 45 6.95 493 627 3156




Table 3. Demographics and biomarkers gender comparison between towns (Females)

FEMALES
Marietta Mt Vernon t-tests
n  Mean(%) SD  Median Range n  Mean(%) SD  Median Range t-statistic (x2) sig,
Demographics

Age 55 5415 9.0  56.00 42 50 5548 1090  55.00 42 0.68 0.50
Years of Education 55 14.51 2.77 14.00 12 50 1458  2.79 13.50 10 0.13 0.90
Years in Town 55 3413 1620  35.00 51 50 36.64 1634 34.00 64 0.79 0.43
Ethnicity "1 (054

African-American 1 2% 0 0.0%

Caucasian 50 92.60% 49 98.0%

Asian-American 1 2% 0 0.0%

Native American 2 4% 1 2.0%
Marital Status 4.60)  (0.33)

Single 4 7% 3 6%

Married 44 80% 37 74%

Divorced 6 11% 7 14%

Widowed 0 0% 3 6%

Co-habitating 1 2% 0 0%
Household Income ($/yr) (10.15) [ (0.43)

0-29,999 15 31.20% 7 15.20%

30,000 - 59,999 15 31.30% 23 50.00%

60,000 - 89,999 10 20.80% 6 13.10%

90,000 and above 8 16.70% 10 21.70%

Biomarkers

Blood Mn (ug/L) 55 1033 3.88 9.53 19.69 50 9.69 3.14 9.35 15.15 -0.92 0.36
Natural log of Mn 55 2.27 0.34 2.25 1.61 50 2.22 0.33 2.23 1.62 -0.84 0.40
Blood Cd (ug/L) 55 0.56 0.50 0.32 2.22 50 0.51 0.43 0.38 1.80 -0.55 0.58
Blood Hg (ug/L) 55 1.38 1.43 0.83 6.62 50 0.74 0.69 0.53 2.82 -2.96 0.004
Blood Pb (ug/dL) 55 1.32 0.67 1.11 2.9 50 1.28 0.71 1.16 3.68 -0.36 0.72
Serum ferritin (ng/mL) 55 85.17 107.53  62.50  626.80 50 91.65 72.72 6445 319.51 0.36 0.72
Natural log of ferritin 55 4.08 0.785 4.14 3.96 50 422 0.81 4.17 3.55 0.90 0.37
Hazard Quotient 55 3.66 2.75 3.10 18.40
CEI 55 6.95 4.93 6.27 31.56

* Marietta Females had significantly higher Hg levels than Mt Vernon females (t-test)

*[talics = equal variances not assumed



Table 4. Symptom categories by town (x2)

Symptom Category (Dichotomous) Mt. Vernon Marietta ~ Chi-Square p
neurological 38% 48% 1.84 0.18
musculoskeletal 51% 56% 0.37 0.54
tremor 7% 14% 2.71 0.10
rigidity 2% 8% 3.17 0.08
bradykinesia 22% 26% 0.37 0.54
postural instability 10% 15% 1.07 0.30
other UPDRS Sx 2% 2% 0.01 0.92
UPDRS ADL 20% 22% 0.14 0.71
UPDRS Sx total 37% 43% 0.90 0.34
other motor 19% 34% 5.72 0.02
memory concentration 100% 100% * *
anxiety 29% 48% 7.28 0.01
depression 26% 36% 2.41 0.12
visual 12% 23% 3.75 0.05
sensory 13% 20% 1.50 0.22
dermatological 9% 10% 0.07 0.79
gastrointestinal 18% 19% 0.05 0.83
respiratory 39% 45% 0.62 0.43
sexual 17% 16% 0.01 0.93
other Sx 17% 27% 2.94 0.09
sleep 74% 67% .96 0.33
headache chemicals 100% 100% * *




Table 6. Neuropsychological tests by Town

ANCOVAs controlling

Mt. Vernon Marietta t-tests for education leel ~ Mann Whitney test
n Mean SD n Mean SD t p effect size'’ F P 7 P
NAB Memory Index Score 90 100.21  14.65 100 100.81 1584 | -0.27 0.79 0.15
NAB Story Learning Phrase Unit Immed. T Score 90 45.98 9.66 100 4533  12.41 0.40 0.69 0.20
NAB Story Learning Phrase Unit Delayed T Score 90 48.68 9.14 100 4711 10.30 1.1 0.27 0.51
NAB Shape Learning Immediate Recognition: T score 90 53.46 8.56 100 5389 861 035 073 -0.15 -
NAB Shape Learning Delayed Recognition: T score 90 5217 10.02 100 5226 857 -0.07 0.95 0.03 - -0.223  0.816
NAB DLM immed 90 53.33 9.55 100 5492 1105 | -1.05 0.29 0.50
NAB DLM delay 90 51.38 10.66 100 5120 983 0.12 091 0.06
Trails A T score 90 47.14 11.04 100 4808  9.34 -0.63 0.53 0.30
Trails B T Score 90 51.14 11.15 100 5262 1070 | -0.93 0.35 0.45 -
Stroop Word T Score 90 46.98 8.96 100 46.67 7.38 0.26 0.80 0.1 0.02 0.88
Stroop Color T Score 90 45.31 10.26 100 43.75 7.87 1.17 0.25 0.52 1.20 0.28
Stroop Color/Word T Score 90 49.81 10.37 100 48.32 10.03 1.01 0.32 0.47 0.59 0.44
Animal Naming Standard Score 90 11342  17.30 100  110.01 1717 1.36 0.18 0.83 -
Auditory Consonant Trigrams 3" z score 90 0.07 1.12 100 -0.17 1.08 1.51 013 0.23 1.38 0.24
Auditory Consonant Trigrams 9" z score 90 -0.34 1.24 100 -0.52 1.27 0.98 0.33 0.16 0.32 0.57
Auditory Consonant Trigrams 18" z score 90 -0.19 1.10 100 -0.34 1.08 0.94 0.35 0.14 0.20 0.66
Auditory Consonant Trigrams Mean of 3, 9, 18 z scores 90 -0.15 0.96 100 -0.34 0.95 1.36 0.17 0.19 0.79 0.37
Rey-Osterrieth Copy Raw Score 89 29.16 478 100 2092 487 -1.08 0.28 0.35 1.99 0.16 -0.18 0.857
Rey-Osterrieth Immediate Recall T Score 89 43.01 14.24 100 42.60 13.47 0.20 0.84 0.1 0.08 0.77 -0.66 0.509
Rey-Osterrieth Delayed Recall T Score 89 43.10 14.08 100 4148 12.71 0.83 0.41 0.45 0.12 0.73
WAIS I1I Digit Symbol Coding Scaled Score 90 11.14 3.20 100 1098  3.28 0.35 0.73 0.09 0.01 0.94
WAIS I Similarities Scaled Score 90 11.20 2.66 100 10.80  3.05 0.96 0.34 0.24 0.01 0.92
WAIS 11 Digit Span Total Scaled Score 90 10.59 3.02 100 1061 277 -0.05 0.96 -0.01 0.33 0.57

TABLE SUMMARY
There are no significant differences between the towns on neuropsychological tests
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Table 7. Diet Mn and Fe by town

Marietta Mt Vernon

Foods Mean Servings Mean Mn Mean Fe Mean Servings Mean Mn Mean Fe
Beef and Poultry 5.72 (4.42) 0.07 (.06) 9.62(8.27)  6.11(4.304)  0.08 (.061) 9.49 (6.79)
Seafood 0.87(1.33)  0.07(14) 1.03(1.98)  095(1.21)  (5(14) 0.97 (1.48)
Vegetables 3.94(2.43)  1.50(1.26) 9.88(6.22)  4.5(2.94) 176 (1.43) 10.88 (7.58)
Fruits 1.49 (2.91) 0.61(1.03) 0.95(1.93) 2.23 (4.13) 0.94 (1.43) 1.43(2.78)
Soy Products 0.15 (.73) 0.11 (.45)  0.47(1.87) 0.18 (.62) 0.18 (.68)  1.00 (4.03)
Grains 5.16 (6.25)  10.26 (13.04) 1975 (26.60)  5-44 (5.46) 10.42 (11)  19.24 (22.41)
Nuts, Seeds and Legumes 4.40 (5.36)  2.96(3.78) 5.58(9.38)  5.52(5.69)  3.69 (3.71) 6.61(6.82)
Beverages 8.07 (12.75)  3.14(4.99) 0.72(1.18)  7.95(11.26)  3.06 (4.35)  1.09 (1.63)
TOTAL 29.22 (19.37) 18.20 (15.68) 45.06 (31.40) 32.81(18.96) 19.69 (14.73) 47.25 (30.08)

* Independent sample t-test did not find any differences between the exposed town and the control town.

11



Fiqures:

Figure 1
Recruitment letters and calls - Marietta
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Figure 2
Recruitment letters and calls — Mount Vernon

156 Reached 7
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* 1 person excluded post-testing due to insufficient years of residency
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Figure 3
SCL-90-R T scores by town

Symptom Checklist - 90-R
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Appendix A

Methodological aspects of an epidemiologic study of adults living near a Mn point
source*

Rosemarie M. Bowler’, Y. Kim?, L. Ngo®, and H.A Roels*

'San Francisco State University, San Francisco, CA, ?Ulsan University Hospital, Ulsan,

S Korea, 3Harvard Medical School, Boston, MA, *Université catholique de Louvain,
Brussels, Belgium

Background: Exposure to high levels of Mn in occupational studies showed
health effects similar to Parkinson’s Disease, with neurological and neuropsychological
sequelae. Few adult residential studies of Mn exposure report air dispersion modeling,
biomarkers, neurological and neuropsychological test results.

Methods: This multidisciplinary epidemiologic study used a recruitment strategy
utilizing property tax and water records for random selection of 200 residents out of
~3939 in both a Mn-exposed and control town. Standardized tests of attention,
immediate and delayed memory, cognitive flexibility, emotional function, and the UPDRS
ADL and motor scales were studied with regard to biomarkers, Mn in air, scales of
symptoms and illnesses, and dietary intake of Mn and Fe.

Results: Preliminary results show a positive relationship between the
neurological UPDRS motor and the neuropsychological tests of Fingertapping, Grooved
Pegboard, Dynamometer and parallel lines tremor test.

Conclusion: Neurological and neuropsychological methods correlate
significantly, suggesting that several of the functional tests can be used interchangeably.
Environmental Mn exposures are significantly lower than occupational exposures —likely
posing a lower risk for clinical iliness than occupationally inhaled Mn.

*Submitted to the 26" International Neurotoxicology Conference, Portland,
Oregon June 6-10, 2010, This study was funded by the U.S. EPA under Co-op.
Agreement P8341600
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Appendix B

RELATIONSHIPS BETWEEN MOOD AND NEUROPSYCHOLOGICAL PERFORMANCE IN
ADULTS WITH ENVIRONMENTAL EXPOSURE TO MANGANESE
Harris, M'.; Bowler, R?.
'Alliant International University, San Francisco, CA 23an Francisco State University

Background: Manganese (Mn) classified as a neurotoxin affecting brain function
(ATSDR, 2000), which can include motor disturbances similar to those found in Parkinson’s
Disease (Roels et al.,, 1992), neuro-cognitive effects (Mergler et al., 1994), and mood
disturbance (Bowler et al., 2007). Cognitive functioning and motor performance can also be
adversely affected by emotional disturbance, particularly anxiety and depression (Lezak, 2004).
Methods: Adult participants (N=100) were randomly selected from Marietta, OH, which houses
the largest Mn-producing plant in the US (EPA, 2004). Participants completed the Symptom
Checklist 90-Revised and a battery of neuropsychological tests. Principal components analysis
derived seven factors: Recall Memory, Working Memory, Information Processing/Speed, Trall
Making, Grip Strength, Motor Speed, and Complex Motor Dexterity. Results: Adjusting for age,
gender, and education, Depression was negatively related to Trail Making (B= -.218, p=0.030),
Working Memory (B = -.197, p = .035), Information Processing/Speed (8= -.260, p=0.008),
Motor Speed (B= -.249, p=0.019), and Complex Motor Dexterity (B = -.216, p = .039), while
Anxiety was negatively related to Trail Making (B = -.310, p = .002), Information
Processing/Speed (B= -.274, p=0.006), Motor Speed (3= -.288, p=0.007) and Complex Motor
Dexterity (B= -.224, p= 0.034). Neither mood variable was related to Recall Memory or Grip
Strength. Living proximity to the Mn-producing plant was negatively related to Information
Processing/Speed and Trail Making, and positively related to Anxiety. Interaction effects
between plant proximity and mood were found for Trail Making. Conclusion: Mood has a
moderate negative impact on neuropsychological functioning in several domains, especially
cognitive flexibility, motor speed, and information processing speed. This relationship may be
stronger with higher exposure to Mn, and should be considered when examining the
neuropsychological effects of exposure to neurotoxins.

Acknowledgement: This study was funded by the U.S. EPA under Co-op. Agreement
P8341600
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Appendix C

Health Study of Manganese Exposure of Adulis

in Marietta & Mt. Vernon, Ohio:
Preliminary Resulis

Rosemarie M. Bowler, Ph.D.. M.P_H.

Maristta, Ohio
Juns 24, 2010

Funding by: U.5. Envirenmental
Protection Agency (EPA), Cooperative

Agreement & 83416001-0

USEPA Project Officer: Dr. Danelle Lobdell,
epidemiclegist, Mational Health and
Envirenmental Effects Research Laboratory

USEPA Region 3 Contact- Dr. George Bollweg

Collaborators
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doctorml and masises grsd usis

a2 ard &
wiudanis sxpanenced and irainad in ths metheodes vesd 0 the whedy 2
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@ M Deonie Murrey, Merkh Conmissionsn, Knos Counrdy Maslih Dspariment,
ML Vamnan, Oiiks

# I'Maristia Communily menbanc Or. Eric Fiich & Cr. Dians Dudaireikl |

Outline
I Study Ovarview
Il. FRasultz
A Mecruttmsne
Bi  Cemagraphicn
€p Ak dinpamizn madslng
By Bicod Anslysas
E}  Hsncgeychoiogical tasling
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(] Health, Nirsssss ardd Synpicms
Wy Reurcdogical Examnetizn
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About the Study

@ A community envirenmental epidemiologic
study

@ 1* comprehensive environmental study of Mn
exposed adults in the U.5.

@Includes air monitoring, biomarkers, health,
neuropsychelogical, neurological and sensory
assessments.

@ Extensively reviewed and approved by:-
@ USEPA
@ O Degartment of Feath
@ Ban Frascisco State Unriessing
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Goals of this Research

% To bagin to adoress Marletta resisants” bealth concerms
about alrborns manganese (M) sxposure

@ To gvaluate potential sxposurs fo and health effects of
alrk=prme Min In adul? residents

L] Lu:- halp awaluats currant hesith guidelinss for airbome
n

@ To gvaluate tests used In workplace studles Tor uas In
resldanlal atudles

@ To gyaluate relationships among Dlood Mo (MnS) and
alrtorne Mn (MnA) and heaith and function R

Requirements for Participation

& Randomiy saleciad Marletta and Mount Vemon
regldents (from & proparty tax parcel map and watar
dapartment recorde)

@ Having lived In Marlstta or Mownt Vernon for 10 or
MOFe YBsrs

@ Age: 2075 years

@ Up fo 2 eligible mamibers from a salectsd housshokd

Exclusion Criteria

@ Hirsing vwerkad at the former @ Enceghalita
Unios Carbide Complex @ Meni
@ Hasing lived is Marieiza (for M - .
Ve s RIS Sly) @ Mulliple slerosis
@ Beng of b Cleedi @ Parki "5 dihease
@ Expoisse lo pealichies, @ Hestngton's cherea

fengicites, erbicides, CO, other

metals resuinng & Joctor visi A Ak imer™s emeaiis

3 Sehizopbaena

@ Hear ingury

— @ Bpola disorder

T — A Comrent tranime rt for
azoholof druy

# Egilepsy e zirdence

@ Brain surgery

Data We Collected

@ Questionnalres:

e
@ GEiEs Hasts
@ Ehp s

@ Miccd A
o Dt &
@ Iympeme Irsasss wed Meckodian wis

& Medlcal & Neuropsychological Evaluations
L] e & a0

L ET T
@ Sl Bcod Sampia
@ Coinical iniwrvies by #0

@ Meurabahavioral Tests =

# Cagnitive Teuing %

@ Moiar Taiing

@ Moed Teming : |
@ Poatiaral Swag & Tramer Tering =

Medical Evaluations 4~

i Blood sasple
= Analyied al the COC Matoaal Labssatony fod kevels of

manganeie, cadmium, lwad, and mereury, Seres |pat of
Plasesa, which 15 pait | was analyzed Tor levels of
Herrilin — indieatisg asount of on steeed in your body
@ Mewological
» A biinf modical evaluation by De. Visghe axnparinced in
i _..m werkers; i ?:auihuiu

of speech, swallowisg, balasee, gail remors and activilties of
daily lraing

@ Meuinpsycslogieal
w A bl linkzal inle v with te PUL about geseral beakh and
Eayehologe al slates

Maintaining Confidentiality
@ All information combined in group results

@ Personal information confidential, available to the
participant OMLY

& Individual identification number (10} assigned

& No names (only ID numbers) on all tests or
questionnaires

& Only the P.L has the list that links names and IDs
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Results:
Recruitment

Results of Recruitment: Marietta

il |

1T ravndanmily selecned
Tore ekgibie = :;.! ﬂ
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Reaponss Rane §2 %
Results of Recrutment: M. Yermon
Results:

Participant Demographics

Demographics: Gender

Demographics: Average Years of
Age, Residency, & Education
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Demographics: Household Income
(% of people in each income group)
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Why was modeling performed?

3 .5 EPA Region 5was asked to perform ai dspessian
madeling in suppart of this haalth shudy”.

@ Models can estimate alr quality—in this cass,
mangansse concentralions—n the wicinky of & source

@ FeBults allowsd researchers 1o develop a Cumuaive
Exposure Ingex (SEI:
modeled amblant 3Ir-8n [pgim?) = years of rasldancy

@ Model usad: EPAs AERMOD mogeling sysham.

LG EPS e 0 condas o of fecsrmies detioni—e ey prodded
Fazelinp rads.

What information is required for
modeling?

@ Matsorciogionl Duts
n Wrd e, wind dineciarn, precipisian, e
w Meicais chigned Fam sewty Hamlanal Medher Gervice sldans

& Dmmmiarm infamation
a Apezunt o pol Uil awiTeo
w Eslinis churscissiiicn fiocaion, Fuight of dvw piach, bow rm ihe podiEard
i coming car a! Sve Bleck, 158 IBmparalsre of the TEEEES, #z ]

# Fecsgiors
- Mllilhllllll.l_lthlrl 55 MEEA DS CHEE I.Ill:mlnlldlll,
s g siora e culisd Tecagian,” ahics ars the diises
BIRITE

What do we compare the modeling
results to?

@ Modekd concasiraions of Mn cas b commaned i tha S
FifErEnes Coeeeatratiog (BICL

@ The RIC i the coseestiation of o pellutnt in the air al whiek
e i ol ol expect to seb asy harmisl effects if breathed for a
i

v Listims sxpowsrs n assumsd to ks 24 bowrs & day for 70 peacs

@ The rate of medeled Ma coscestiolion o REC is known as e
Mrazard guonent (BOL An HG ks thas or egqual io 1.0 is
generally not of cencern.

v H the pradiciss concanination i lees than or squsl io the B9, we
scpect nio bl stiscis.

@ For manganesa, e FIC & 0008 mpis fslomgromss par cubic
malin]

Dispersion Modeling, Hazard
Quotient, and CEl: Uncertainties

@ Annual Mn emission rale (o ped year] assemed o be emized
aqually is grams pes secssd over an enlee yia

@ Basermne That peogdhs beathe e iesieled cose et alios 24
houws a day, 385 days @ ywar oues @ Mopear iletine.

@ Exposure indecaters. nol seasunements

@ Do et inelude human activity paterss of othes imperist
variablks

@ Do nol ke nts becoust chasges in emissions over Gme

21



Results

Distance from point source and Air Mn
Dnsnares * LY i
i
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Results:
Blood Analyses

Manganese

@Some manganese is always found in the
body, because it is essential for normal
function

@Excess manganese is usually remowved
from the body within a few days =
difficult to measure past exposures

Man fganese
Mo significant diffarence batwean the towns

g s 585 ligE

Cadmium and METCUT}"
Mo slgniflcant differsnca babwasn the towne

M‘m

Mo L

1

b b g e
s
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Lead
Ko significant difarence batwean the fowns

Serum Ferritin

Mo dignificant Sifeieiie [t B lowin
B5 asgesetid, woisn Bave e ibon slones Ban men-both ioens

gy | l T

Eeraw leritie =gl

s s BEEERY

Preliminary Results for

Neuropsychological
Testing between
Marietta and Mt. Vernon

Tests of Effort

@Al but one participant from Mt.
Vernon passed the test of effort

@ The participant who did not
pass was given a more
sensitive test of effort, which
heishe passed, clearly
indicating validity of test
performance

HNo significant difference between the
towns on:

4rMotor speed

% Motor strength and tremor

4 Attention and immediate memaory

% Switching categories and divided attention
4Visual delayed memaory

4Verbal delayed memaory

Scores in both towns were withn the average
{mormal) range

Relationship between Exposure

and Meuropsychological Tests
@ Mnin blood:

« Owerall, wa did not obeerve a conglabant relationehip

batwaen levalz of Mn In blood and parformance on
tha rugntfobahaﬂurnl te=ts (In both Marlstta and Mt

@ Hazard Gruotient jmecsis s in sir deided by tha eeferance samss
= Higher HG was related fo worse parformance on
S0ME 18518 (113 onyy calculmed for Maristis: HO i el io

dstancs Iram s soarcs)

@ CE imossissd M in sir X ysacs =1 resisianey)

- m%wa relatad to worse perfonmanca an
(] (CH] =niy calcubsied bz Barsiis; sleo relaisd i
detancs [ram the source|
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Hazard Quotient

@ ngrhar HiG was relatad to worse mm an
@ 3 ests of visual messory asd one of category naming

@ Tho=e with higher HQ tanded fo score lowar on
= 8hape lsaming Immadiates
= &nimal Maming
« Rey-0 Immediste
« Rey-0 detaysd

Cumulative Exposure Index (CEI)
Higher CEl was related to
Worse performance on:

@ Animal Naming
& Digit Symbol Coding

Mo slgnificant differenca bataaen the towna, sxcept
for phobic anxlety being highar In Mariatia,

Eymptamn Thechlist - MR -+ Varesa
M NTen

Relationship between Exposure
and Mood

@ Manganese in blood:

= Owarall, we did nof obsarve a congletant relationship
Ibin lewala of Mn In blocd and acores on mod
questlonnalras

@ Hazard Quo‘tlen‘t Iwdeng Mo in s cidged by ok it valan)
= Highar H& was relatad to highser phobic snxlsty

& CEl ymodsind Min i nk x yem of maitsncy]
- H|9mr ZEl was ralatad to mara d I'B-B=B|IH1 I'I"HIH"B-

-al'lIlB ura okl I'I1IH'0 I
Q. m clam |1
BI aoone, I'I"I
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Mo significant difference between the
towns on:

% Percent of people reporting poor or fair
haalth

% Average number of poor physical health
days in a month

4 Average number of poor mental health days
in a month

4% Percent of adult smokers

4% Prevalence of adult obesity {based on body
fat as measured by height divided by
weight) a

Individual self-reported symptoms

significantl #_hd ifferent between the towns
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Individual self-reported symptoms
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Relationship between Exposure,
llinesses, and Symptoms
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Movement

@ Examination with the Unified Parkinson's
Disease Rating Scale (UPDRS)

@ Marietta participants had slower movement
{bradykinesia) and motor speed than Mt. Vernon
participants on one subtes

@ Mo statistical Mn relationship between exposure
variables (blood Mn, modeled Mn in air, HQ. and
CEl} and movement [variables not available for
hit. Vernon)

Average Daily Intake of Dietary Mn

Axwrags Distary al Garanl
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Wverage duly incaks by
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Tetal dregidng) |

Niz gignificant diffarance bstwean the toans

i B oL LT SRS

Summary of Findings
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Conclusions
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Appendix D

Relatonship of residennal airborne
Manganese exposurs to

neuropsychological, neurclogical
and health stams of adules

Funding: U.5. Environmental Frotection
Agency (EPA), Cooperative Apresment
# B3416001-0

USEFA Project Officer: Dir. Danelle Lobdell,
epidemiologist, National Health and
Environmental Effects Research Laboratory

LSEPA Region § Contact: Dir. George Bolloreg
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Smudy Aims

Overll, the sudy simed s addneas 2 quesisens:

I Thes logreal amd paye belagical Benciions in a grosp
al adulis envirenmengally cxposed io Mo, &Eller signdficaniby
frem e of & dessographically similar group witkout kaown
asshicnt air Mn oxpeaurs?

2. I ther a selutionsbip heiween Mn kevels is blood (ineenal

dlosc) or Mn levels im ambient sir {exiemal exposuse) and
Bgical /| thehawinsal T in aculs ¥

The siudy is funded 1 & co-opemive et with the EFA

and may senves an o buge piloe project for s proposed uger
ATSDE wtudy st s future date.

Lirerature Background

o Most M ardios s isd blgh-beesl axpesssss {airh bs cooupagosal semgs

* Basls on ol P, 19597, 1959 * & ven ot al. (TF05)
g all (1984} * Hast-Patossn ot al (2006
sighin ot al. (TFR) = Ko ot all (3005

* Lo ot al. {1905, 1990 * Borwhar an al. (3R

o Lavaited e oo s v il M anpredisss, sl feond cinaada L%
Frataming van Flin bin

didtiag watii annsbaait dn
* M . 1995 iChina) * Murgha ax al. (TFFT) Camda)
* W an et al. (20N (Baaghaleah) " Fakiaan oo al. (307 Caida)
* Bouchand s al. (97} (Canada) * Laschidia i all. (2007) {lialy)

Motivarion for the Study

n Elevwicd wir M cnvissives (34 = the A from de bt aciive
Mz mmelizrin ibe 1A, Maneiw, (OH

» Community has sequesic:d & sisdy for seardy o deeade

USEPA funding of sty propoasl

w Colliborsiines with (this Depsrimeni of Heslih and Heakih
Commimsinaem

n Colliboration with ATSDR

» I comprehensive env | minaly of mesidemtianl sitms
M in the 15, i imchade air mongering, bicm s e, heabh,
Ingical azd neunspeychakigical :

Marietta Exposure Source

» Eramet Margietta Inc. (EMI) is 3 major prodacer of Mo

ferraallovs and
one of the laxgest Mo smelrers
worl doride.
EMI ranks 1¥ in total air release of E
faciliies reponting to the TIEPA I\:ll:il:. R-_d-ease
Inventory {TRI)
m 3 mir monttars in Mamedta region:
1 im 20005 2 in 2004;
3 mare for ambient air monitoring
{April 2007 to March 2002)

From manganese to Mn-alloy

n Elemenial Mn: acnumber 23, atwt 54.94
a gray-white metal resembling ivon,
bzt harder, rrore brtile, insaluble in water
w Meling point 1364°C
» Mn-contzining fume is generated in the pouring and
casting of malten ferte//silico manpanese alloy

Occupational exposure himits for Mn

Wonrkers (il dusi): Sh workday and $-h wodkoweek

ACGIH TLW-TW N pgires B2 gt
KIOSH REL 1000 pgin® 10 mgim?
CEsie PEL (zalling] SO0 pgits 50 mgimt
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Residenmal exposure limirs for Mn in air

Garsrsl Populsbion: (P80, partcules matter = 10 |
| 24 hew per cluy oo & dorasion of 78 years
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Results of April 2007-AMarch 2008 Additional Air
monitoring and subsequent modeling of air-Mn

Smdy Design
® Epidemiologic cross-sectional control { exposed
design (study area chosen according o air

monitoring results of MMn during 2007-2008)

® 100 Mn-exposed and 100 control (mininally-
exposed) adults chosen AT RANDOM

¥ Exposed rown — haretta, Ohio

® Control toomn — Mt Vernon, Ohio

Study Population

B Bezsidents between 30 — 75 vears of age
B Approximarely sgqual numbers in sach rown
B Approximarely equal numbers by gender

® Discribution of selected residences within
certain Mmn-air exposure areas

Census Characteristics of the 2 Towns

Inclusion & Exclusion Criteria
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Recrnitment: Marietra

Adidrenncs from Properey Tax Is gencoded hy residensial
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Fulluw-up by tckephone (imcluding a hrief scroeming cal

Recruitment: Mt Vernon

Randuzs sekeetinm of parcels frmm Propeny Tax reconis

Banidues sckecims of o unit within mulisple usit residences

Water depariment reconls and white pages revene lonkug

in obisin names

Invitaiion ksier maiked e with stampe:d maum pasecards
sl imient o pamnicipse = sindy

Follow-up by telephuone (including a brief screening cally

n Recmsiment unil needed

Contact Materials Examples

Study Procedures

IRE Comsent adesinisiensd and signed

Healih, seedication, illness, sympioss, dict and sleep
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m Plood csim

Brief ingerview with Fl
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Test Battery Description

Test Battery by domain
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Test Battery: Questionnaires

| Arcas ol anlerasl | Quaslivnnaing
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Meurological Examination

8 Unified Parldnson's Disease Rating Scale
(UFDRSE)

Results of Recruirment: Marietra
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Results:
Participant Demographic
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Demographics: Gender

Demographics: Average Years of Age,
Festdency, & Education
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Percent of Adult Smokers

Ho gignificant diffarance betwesn the towns

b
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Prevalence of Adult Obesity

A Bamad o m Body-Mam Index al & 3 kym?
Ho slgnificant differance betwesn tha towns
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Percent of Uninsured Adults

Ho gignificant diffarance betwesn the towns
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Resulrs:
Dispersion Modeling and

Cumulative Exposure

M=, Jaime Wagner
Us EPA i

Why was modeling performed?

U.3. EFA Region 3 was asked to perform air
dizpersion modeling in support of this hezlth snedy¥
Results allowed research team to develop a
Camnlative Exposure Index (CEI):

ambient 2ir-Mn (ug/m* ¥ years of residency

Models can estimate air gquality — in this case,
manganese concentation in the vicinity of 2 source

Model used: EFA’s AERMOD modeling system
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Whart information is required for
modeling?
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What do we compare the modeling
results tof

w Modeled concentraisons of air-M= can be compared i the
Mn releresce cowcenimiion {RECE

w The BT is the coscenizviion ol pelluiant in e air ag

w The swiin of svdekd Mn coscenmaiios o REC i known as
the harand quotiear (HO). An FI less than or squal i L8
& gemerally not of concern.
= B tha precionsd M sovon trasion b s dhan on sl ve ke I,
wa sccpact o hasatial sllscts.

Fur mangenese, the R i 008 ty /e’ [USEFA, 1993)

Exposure: Air

W= 100
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Diistance from point source and Air Mn
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Diszpersion Modeling, Hazard
Quotient, and CEL: Uncertainties

n Anmazal Mn emission rate (tons per vear) assumed
to be emmitted equally in prams per secomd over an
entire vear

n assume that people breathe the modeled
conceniration 24 hours a day, 35 days a year over
a Tlyear lafetme.

n exposure indicators, not 3 MEISUTEMEnts

» do not incleds bumoan activity pattems or other
important vamables

» do mot take into account changes in emissiomns over
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Resulrs:
Blood Analyses
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Manganese in blood:
gender differences
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Results:

Relationships between Mn i
blood and Mn in ai

Mn in blood did not correlate
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“+ modeled Mn in air
< CEI
4 Hazard Quotient
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PreliminaryResults:

Neuropsychological Tes

Tests of Efforr

® All but one participant from Bl
Vemon passed the Rey 15

8 This participan: was given s more
sensitive test of effort, which
he/she passed clearly indicating
validity of test performance

Motor Speed

Ho significant diffarence befwesn the bowns
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Ho significant diffarence befween tha towns
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Visual Delayed Memory

Ho slgnificant diffarance betwesn tha bowns
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Results:
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Mn in blood & test performance
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Modeled Air Mn and
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Mn in blood & mood

wAnalysis: Hierarchical multiple regressions with log
transformed Mn-8 as a predictor of SCL20-R T

scores, confrolling for:
Ciprsbar * Spa " Edoomlon " Dmbedic slelos * Har b 2o shibo © Mac b
Il sl calon * Saun feiln

= M signifizant relationships in Mt Vemen

= M signifizant relationships in Marietta

Anmbmn wihl=g
Crotisr! ma m prediciar of BCLII-'E T ncores, comrolling for

Hazard Quodent & mood

muligls Farard

Dander © O ebad: slils ~ Fomld oo slis © Vankl heelh ta kst
Barisiin sniy
Highar HO wan relaied in mams phobic anaisiy [I}= 10,32, D= ﬂ.u'l:l

CEI & mood

Ecalysin: Multpls witt g CElana of
wozrem, coniraling far:

Cipraday ~&gm " Dducelon T Db e slebus ° Heml 1 s arew sieus © Mecle
vz 1= e el on
" Marmes onk

w  Flighss 8 wam reduisd fa:
v mons dusrassian [ = 7,57, 0= 0.04]
= waes snaiy (0= 843, p=0.02)
» messmoamiy (0= E01, p=0.01)
= mess phebic sraisiy (b = 617, p= 0002
maes panmaid idwiien [0 = 826, p = 0.02)
waw gapchwioam I:D =713, o= ﬂ.m}
o gk sasusty lnes nceen (D 810, 0= 0.04)
v mons poatioe symatans s (b = 8.7, [ = 081}

W Assiony T aare

Tesre
i : I
i1 SEAT ! .
1 H 3
= -
RILR PR TE PR T Phakis Anaieis T miiie
]
! | 2
i g STt
| Ty i

TV Farmpmad biraion T oo

i
!

I, Gkl Srvericy lndes T mare

Y, Pumiive Sryem s e Tkl T smisore

e S Rl b e el

S S ——

Results:
Health, Illnesses, and

39



Fercent of People Reporting Foor or Fair Health
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Relationship of self-reporred disgmozed illneszes
and medication use
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Conclusions
Orverall, results of this epidemiologic study wsin
random sampling did not support clear.cut .Enﬂgmgs

af adwerse health effects from An in air and bleod in
the town of Marietta

This is supported by the lack of differences beroresn
Marietts and Mt Vernon on neuropsychological tests

Increased air sure to Mn (prosamicy to the point
source) is related fo visuzl memony and two tests of
processing speed

Crrerall neuropsychological test results are within the
average range of the general population

For additional gquestions:

Profossor Rosemarie Bowler
Hesexrch Oiffice:
8371 Ecni D,
El Cermin, CA 0455
Fhone: 510,236 8573
ar

Email: shstudyifabucdu

Weekmite — active alier June 28th:
heipe / fenlineabuedn, ~snstudy

42



Appendix E

Manganese Exposure in Adults: An Epidemiologic Study of Symptoms, Mood Effects,
Motor and Neurological Function

Rosemarie M. Bowler, Ph.D., M.P.H.
Abstract

Background: Manganese (Mn) is a neurotoxin associated with mood, medical symptoms,
motor and neurological effects. Reports of adverse health effects from occupational exposure to
Mn are common but environmental reports of airborne Mn effects are sparse.

Methods: A random sample of 100 adult Mn exposed residents was studied with a neurological
examination, motor function and mood tests, and a comprehensive health questionnaire.
Results are compared with 90 randomly selected residents from a demographically similar
control town. Mn in blood and air were measured.

Results: Exposed residents reported significantly more sensory, Parkinsonism, and emotional
symptoms, and had higher SCL-90-R Phobic Anxiety scores. The Cumulative Exposure Index,
based on modeled Mn/air and length of residence, was related to 6 of 9 SCL-90-R clinical
scales and 2 of 3 global scales. No differences in Mn in blood between the towns were
observed. Anxiety and Phobic Anxiety scores were significant predictors of symptoms,
diagnosis of Anxiety Disorder and use of anti-anxiety medications in the whole sample and
motor and neurological dysfunction (UPDRS bradykinesia and ADL) in exposed residents only.

Conclusion: Symptoms and measured anxiety and phobic anxiety seem to be the cardinal
signs and results in this study. Strong relationships between exposure, symptoms, and mood
disturbance add validity to an association with Mn exposure and highlight the importance of
measuring Anxiety, Phobic Anxiety and symptoms in relationship to function. The methods of
this first epidemiologic study of Mn exposure of adults in the U.S. should be applied to
communities with higher levels of Mn exposure.

Submitted to the International Neuropsychological Society Meeting, Boston, MA 2011
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Appendix F

Manganese Exposure and Components of Executive Function in Environmentally-
Exposed Adults
Harris, M*.; Bowler, R?.
'Alliant International University 2San Francisco State University

Background: Manganese (Mn) is a neurotoxin, which in addition to well-documented motor
effects, is related to a wide variety of cognitive effects. The effects of Mn exposure on
components of executive functioning are not well-studied, particularly with environmental Mn
exposure.

Methods: One-hundred adult participants were randomly selected from Marietta, OH, which
houses the largest Mn-producing plant in the US. Participants completed a battery of
neuropsychological tests. Confirmatory factor analysis of tests supported three factors
representing components of executive functioning: Attention/Mental Tracking (ACT, NAB List
Learning — Semantic Clustering, and WAIS-I1I Digits Backwards), Cognitive Flexibility (Trails B-
A, Stroop Interference, and Animal Naming), and Planning/Organizing (ROCFT Immediate and
Delayed Recall). Air-modeling analyses calculated an estimated level of airborne Mn exposure
(Mn/Air) for each participant.

Results: Structural Equation Modeling (SEM) showed strong overall fit (X?35 = 45.071, p = .118;
CFI = .968; RMSEA = .044) for a model with Mn/Air significantly predicting Planning/Organizing
(p = .01) and Cognitive Flexibility to a lesser degree (p = .05), but not Attention/Mental Tracking
(p =. 81), with age and education levels accounted for. Error terms for Mental Tracking/Attention
and Cognitive Flexibility showed significant covariance with each other (p = .01).

Conclusion: Results indicate that despite low levels of exposure, higher Mn exposure affects
planning/organizing and cognitive flexibility, but not mental tracking/attention. This suggests a
hierarchy of effect, where Mn has a greater effect on the complex planning/organizing
component of executive function, but a smaller effect on attentional/mental tracking processes.
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Appendix G

Relationship of airborne manganese exposure to biomarkers of blood and serum
controlled for Ferritin with neurological and neuropsychological test results in adults*

Rosemarie M. Bowler, San Francisco State University

An extensive neuropsychological battery was applied in 2 communities to evaluate the effect of
Mn exposure from the only operating Mn alloy production plant in the U.S. Study participants (n
=191), 30-75 years of age, were recruited at random, with approximately equal proportions of
women and men in the exposed and control towns. Blood analyses were carried out by the CDC
Laboratory for Mn, Cd, Pb and Hg. Serum was analyzed for ferritin, a potential confounder
competing for the transport of Mn in the brain. Modeled air concentrations were computed in a
hazard index (HI) and a cumulative exposure index (CEIl) using air Mn, duration of exposure
and distance from the source. The test results were compared to Mn in blood and serum,
controlled for ferritin. In hierarchical regressions, the log transformed CEl was a significant
predictor for category fluency, digit symbol and the HI was related to visuospatial learning,
category fluency and executive function. CEl and HI significantly predicted Generalized Anxiety.

Submitted to the International Neurotoxicology Association (INA) Meeting in Xian,China — June
2011. Funding by the U.S. EPA, under Co-operative Agreement No 83416001.
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Appendix H

Harris, M. (2011) Manganese Neurotoxicity: Relationships Between Exposure, Executive
Function, and Mood Among Environmentally-Exposed Adults. Dissertation Abstracts
International

Manganese (Mn) is a neurotoxin, which in addition to well-documented motor effects, is
related to a wide variety of cognitive and mood effects. The relationship between Mn exposure,
mood, and components of executive function has not been explicated in depth in previous
studies, particularly with environmental Mn exposure.

One-hundred adult participants were randomly selected from Marietta, OH, which
houses the largest Mn-producing plant in the US. Participants completed a battery of tests on
neuropsychological and mood functioning. A cumulative exposure index (CEl) was created
using air-modeling analyses to calculate an estimated level of airborne Mn exposure for each
participant.

Structural Equation Modeling (SEM) showed strong overall fit for a model with mood (as
measured by SCL-90R Anxiety and Depression subscales) mediating the effect of CEIl on
components of executive functioning (Working Memory, as measured by WAIS-III Digits
Backward and Auditory Consonant Trigrams, and Cognitive Flexibility / Response Inhibition, as
measured by Trails B / A, Stroop interference scores, and Animal Naming), accounting for
education. Residuals for Working Memory and Cognitive Flexibility / Response Inhibition
showed significant covariance with one other.

This is the first study to focus on the relationship between Mn, mood, and executive
functions in cases of environmental exposure to Mn. Results indicate that despite low levels of
exposure, greater Mn exposure effects mood functioning, which in turn affects the Working
Memory and Cognitive Flexibility / Response Inhibition components of executive functioning.
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Appendix |

Int J Hyg Environ Health. 2011 Nov 21. [Epub ahead of print]

Anxiety affecting parkinsonian outcome and motor efficiency in adults of

an Ohiocommunity with environmental airborne manganese exposure.

Bowler RM, Harris M, Gocheva V, Wilson K, Kim Y, Davis Sl, Bollweg G, Lobdell DT, Ngo
L, Roels HA.

Abstract

Manganese (Mn) is a nutrient and neurotoxicant sometimes associated with mood, motor and
neurological effects. Reports of health effects from occupational exposure to Mn are well known,
but the reported links to environmental airborne Mn (Mn-Air) are less conclusive. Marietta, OH
(USA) is a previously identified community with elevated Mn-Air from industrial emissions.
Households were randomly selected in Marietta and the comparison town (Mount Vernon, OH).
The responders were used to recruit on a voluntary basis 30- to 75-year-old residents, i.e. 100
in Marietta and 90 in Mount Vernon. They were administered the Unified Parkinson's Disease
Rating Scale (UPDRS), motor efficiency, and mood tests, along with a comprehensive
questionnaire including demographics, health and work history. Blood Mn (MnB), serum ferritin,
and hepatic enzymes were measured. Results were compared with those of 90 residents from a
demographically similar comparison town, Mount Vernon, OH, where Mn-Air from industrial
emissions was not of concern. Mn-Air exposure indices were modeled for Marietta residents.
The Mn-exposed participants resided on average 4.75 miles (range 1-11) from the Mn point
source. Their modeled residential Mn-Air estimate ranged from 0.04 to 0.96ug/m(3) and was on
average 0.18ug/m(3). The group means of MnB were similar for the Mn-exposed (9.65ug/L) and
comparison (9.48ug/L) participants. The Marietta group reported more generalized anxiety on
the Symptom Checklist-90-Revised (SCL-90-R) than the comparison group (p=0.035).
Generalized anxiety in Marietta was related to a cumulative exposure index (p=0.002), based on
modeled Mn-Air concentration and length of residence. Higher generalized anxiety scores were
related to poorer performance on UPDRS tests [adjusted relative risk (95%Cl): 2.18 (1.46-3.25)
for motor-related activities of daily living, 3.44 (1.48-7.98) for bradykinesia, and 1.63 (1.06-2.53)
for motor/movement]. Group differences in SCL-90-R generalized anxiety between the two
towns and the observed relationship between exposure indices and generalized anxietysuggest
an association between environmental Mn exposure and anxiety states. Whether this
association is due to direct neurotoxic effects of Mn-Air or concern about the health effects of air
pollution remains an open question. The results highlight the importance of measuring anxiety in
relation to neuropsychological and neurological endpoints, and should be validated in other
studies of Mn-exposed communities.
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Motor function in adults of an Ohio community with environmental manganese exposure
Kim Y, Bowler RM, Abdelouahab N, Harris M, Gocheva V, Roels HA.

OBJECTIVES:

The objective of the present study was to evaluate motor function in order to assess the effects
of long-term, low-level environmental manganese (Mn) exposure in residents of

an Ohio community where a large ferro- and silico-Mn smelter has been active for more than 50
years.

METHODS:

One hundred residents from the Mn-exposed Ohio community were evaluated using the Unified
Parkinson's Disease Rating Scale (UPDRS), a postural sway test, and a comprehensive
guestionnaire exploring demographics and general health. The results were compared to those
of 90 residents from a demographically similar comparison town in Ohio. Mn exposure was
assessed using modeled airborne Mn and blood Mn (Mn-B). The UPDRS was employed to
evaluate parkinsonian motor features. Postural sway was measured using a CATSYS 2000
(Danish Product Development).

RESULTS:

No significant difference between the exposed and comparison groups was evident as to Mn-B,
demographics or major health outcomes. The risk of abnormal UPDRS performance using
"Motor and Bradykinesia" criteria was increased in the Mn-exposed group after adjustment for
potential confounders such as the presence of other neurotoxic metals, factors affecting
susceptibility to Mn, potential factors influencing motor performance, and other possible
demographic confounders. No participant was diagnosed with clinical manganism by
neurological examination. After adjustment for various potential confounders, the Mn-exposed
group showed significantly higher postural sway scores under eyes-open conditions than the
comparison group.

CONCLUSIONS:

Subclinical findings on the UPDRS and postural sway in the Mn-exposed group may possibly
reflect early subtle effects of chronic low-level Mn exposure. However, the cross-sectional study
design, the small to medium effect sizes, and the little biological plausibility are limiting the
possibility of a causal relationship between the environmental Mn-air exposure and the early
subclinical neurotoxic effects observed.
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